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^= 100 PLL CIRCUIT 

1 INPUT TERMINAL 

2 PHASE COMPARATOR 
^ 3 LEVEL SHIFTER 

4 VOLTAGE CONTROLLED OSCILLATOR (VCO) 

3 FREQUENCY DIVIDER (1/N) 
6 OUTPUT TERMINAL 

fS| FR REFERENCE CLOCK SIGNAL 

fS| PD PHASE DIFFERENCE DETECTION SIGNAL 

DC DC SIGNAL 

FP COMPARISON CLOCK SIGNAL 
CL OSCILLATION CLOCK SIGNAL 

(57) Abstract: A phase locked loop (PLL) circuit comprising a phase comparator (2) for comparing the phase of a reference clock 
signal with that of a comparison clock signal to produce a phase comparison signal having three-level outputs, a high voltage (H) 
level, a low voltage (L) level and a reference level, and outputting an H or L level signal having a duration corresponding to a detected 
phase 
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IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 



difference or a reference level signal when the phase difference is not present, a level shifter (3) serving to hold rectangular waveform 
of a phase comparison signal from the phase comparator (2), a voltage controlled oscillator (VCO) (4) for advancing the phase on 
receiving an H level signal and delaying the phase on receiving an L level signal, and a frequency divider (5) for dividing an oscillation 
clock from the VCO (4) to generate a comparison clock signal. 

(57)^: 3?x^x- u v o k-;u-^ (pll) [ug&fc i^x . mm^nv^m^ttmonv^m^tmiL 

3t, H U^fI^£A*LTfeffl£iii;-fe*\ L U^;Hi^-^A* LTfett&m*1±Z>mJ±mm5£m%5- (VCO) 
4<h, VC0 4^^ffi*^n^f§a^P^^^»JilLThb^^P^^{i^<tr^^JlS5<t^1i^fco 
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m m m 

[0001] ^(Dmmt, mm?^y?it^t&m?^y?it^t(D&ffim^^fc?^y?m^& 

$8£-T5PLL (Phase Locked I^op)]g&RTM:<Di&femiftjjfe\zm'tZ&<D 

[0002] M&fif, ftWXftkl (#M2004-40227#^#) fcLfii, ^5f50PLLleIS&^|fl^$ 
[0003] ^^COPLL0S§^*3V>Tfi, fi+B^bK^H^tb/tm^jf -^J&S, ggJ±^^/K7) 

PLL0J^W-^V^7^^ft$tiTV^/c^^^{MJ;b^lH]S§^^(Dm^ff^- 
[0004] ^fc, ®J±$!j#P3£|g^(VCO: Voltage Controlled Oscillator) « N - 5 £:<^ J SJEE — 

#fF3Cftfel : # W 2004-40227^# 

[0005] «<z)pll0s§« n £x±(D£?^mj&£nx^^(DX\ fflm%t&W}&W£<Dm%t 
x\ ^(Dx^m^nm>^mmmK^^<, ^(Dmmxmm-rz>^f^\ 

[0006] ^fc, ±|B#ttfSffl(DiSV^VCOfiftffiT&'9, SB&GD^Hf ^5SH 
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[0007] _hfs#f^»iwsiSc(Df5:t@^^tt, 

[0008] ^5f5©PLLHIB&"eH:, ±!Bte*BJfc«SSrfllV^fc«> N {&fBITO5£T^<£> 

o 

[0009] ^(D^te, {£=^Kt5\ U>*&, m^-t-^^n^f-^-cDjl^Ml&^/h^VAPLL 

[0010] r^Ki^S^-rX-n^K-zW— ^(PLUEBSfci, gJp^ny^ff 
Py*ft#£&A;fcLT£3p*u;y^#fcJfc«^ 

fcJSCfcJ^&O^ns^ft #Srtii^Ji-5«EEft!l#|SJgS (VCO) 

[ooii] _hia^tij*tSE^«, mm?vv?m^£&&?^y?m^'£<Dtim<Dikm^ mm? 
^mm\t^*^$L~rz>^£Z:mm£~rz> 0 

[0012] JifEffc*BJfctk8&J2, it^n-z^ft^^^jSn^iti^^fe^^^ 

vfDm&mZs mm)±u^ucommmt^£i&m}±u^^<Dmmmt-^£^mti 
^mm^/^(Dit^mtii-^£^wm£-r^o 
[0013] _htaw-</^7^tt, \im^^^^\^ti^n^MM,m^^/v(D^^mn^(om 
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m&,vcomf\wirzm]£mz.m&tz>z.b&msLkirz 0 

[ooi5] ±.mmsktm%$n, mm^y^m^t^m^y^it^-t^m^^m^, wm? 

[ooi6] _htavco«, &m<Dmj±ttm&m^%w^t&!&mt~rz> 0 

[0017] _LfapLL03§«, PLL^<Dfcmmm-^xmfjt£nfcm^T;^mft 

[ooi8] ^(Dmm^m^y^^-^^'^~y\pi.wmm(Dmmm^m^ mmm 
[0019] ^fd, mt£?vy?m^b&WL?vy?^^k<Dfaife<D\k%&^ mm?w?it-%-(Dm 

[0020] ^PJil#57x^X-n^K-/^ ^(PLL) tUS§©l!)^¥W^^«> 

y^m^t^tm^iy^it^t^Ativxmm^^it^iiLm t^m^y^m^- 
(D?vyy-m^zmt>~tz>mj±fflm$£Mm (vco 
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9 =(l-((G-T)/ / (2 7 t -N))) n - 0 

n 

n: &f$Wt 

n 

[0021] mM<Dtei&i. 

^(D^mcoMMfDjBMKDP'L'L (Phase Locked Loop) 0i£§lOO£r® 

[0022] mi^*3v>T, Ati^m, mm^vyfm^-FR&AJjir&^xfo&o 
[0023] liLmm^zn, A^tifc2^<Dm^<Dm8tm%:Mftu t<Dm$m^t> 

mmK fflsmzftmirfr&miL&ffiBmkmiB ^PDitti±i^t4 ^sit$£ 

[0024] W</ki^*3te, ^ittfc^2d^^^tS^m{f -^-PD^'ft^^^S^^ 

?rr5 i5 ^m<mmnmxh^ 0 

[0025] «J£$IJ#PI§$g^(VCO: Voltage Controlled Oscillator) 4«:, ffjlJMB^^f 
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&-r?%Zmmm-C3bZ 0 ^X\ VC04te, S!p^ny^#©NffiF(Nfi@^)0 

[0026] ^J1^5tt N ^CL^l/m^ftm^XttMP^ytm #FP<§rtfitfBJfc 

[0027] m^^efi, 3S^n;y^#CL&ffl;fc«8&^*ttfc5o 
[0028] 02(3, ^^/^->7^3(DH5iL#"!j^-r®-efc5o 

[0029] 02^*5V^T, SWlirSW2« N f£^tf;^g2^b^^^f ^(Dffi^l^/W^J: 

Wl£SW2fi£, OFF~Cfc<5 Q SWliSW2i^^ONt/i§rti^V\ 
[0030] Rl, R2, R3, R4tt, VC04^A^Ji"SiiCSBft-i-DC©«EEU'^</VSr89:^i'5S 
JifrS&Gifcl^ Z:(Dm7CW)X'&Z> 0 Rl, R2, R3, R4tt, »J(^^^T«J±Vc 

[0031] SWli:SW2t«, {£f@i«^2^fbO££7f^{f t^)ffiA^/KaotfilT©l 

[0032] SW1^0N-CSW2^SOFF<D#^, R2^/M/^$tl6C0T\ 
ftffiW^/l^VccX ((R3 + R4)/(R1+R3 + R4)) 

^i9, «jEu^wfts«fffc^5o wt> r(D«mi±ff #0^2, ^(D'mmm^ 

H 

[0033] SW1 ^OFFtSW2^0N©S^, R3riS^4V^£frb5<£>-C, 
®±l^</V=VccX ((R4)/(R1+R2 + R4)) 

v T^-To 

L 

[0034] SWl#SOFFT?SW2;&5OFF0>$§"g\ Rl— R4^^T^j|g$tbSO*e, 
®j± U"</V= Vcc X ( (R3 + R4) / (Rl +R2 + R3 + R4) ) 
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H L 

^(DSiHtt) £v TriH-(V >V >V )„ 

n H n L 

[0035] 03(3, VC04(D«i±-jl^m#t4^-Ml|-I?fc§o 

[0036] 03^*31^ ^W«VC04— (D[i:Mf -^DC(DA^®ffivt?feS 0 A^Sffvfi 

[0037] mm*. vco4frb(Dmm?v)y?m-f§rCL<Dmt}m&m-<?&>z>o Ji^f 

o 

0 

0 H L 

[0038] v tf^J»!lkf^jljM:f ^^SS2p«JE-CfeS 0 

n 0 

[0039] V tt, t±i^il«f^ll»f -Af£&5{£«JET?fo5 0 

L 0 

[0040] V KJ\ m^Jl«:f^SE#jcf + Afi:/j;5iftf«EEt?fe5o 

H 0 

[0041] 3o©ii±^-</K7)i#ii, V >V >V "CfeSo fS.U V -V =V -V b 

H n L H n n L 

[0042] 03*21*31 vC\ ffi^Jl^f^jg^f ^fe(£>Jl«:^f[^13U A^7«iEv^M^ 

0 

g(V )=-g(V ) = Af, g(V )=0 

H L n 

[0043] IP^ N 

Af = G(Gtt^m) 

[0044] i/^/i^7^3ii, .£*_L<z>«fc5&v , v , v &35£$*5<fc5fc^*i^/i'f9:3£$;h> 

H n L 

mbmmm}±<D^y^mmmb(Dm(-^i)b^mMmnm^<x^^m^^ 

[0045] ft*5, ^^^H-CcD^M^n^^H^-CL^jl^i^cDgl^fi, 
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0 

f =NXfr, fr = fp 

o 

[0047] mmz. mm^-to m^\^n, mm^y^m WRcDft ^mzt, itt^p^ 

[0048] 04-C«, &%Z?X2y?m-t§rFPb&*&?vy?i$-f§rFRb& 9 fctffitS^T^TV ^ 

ft ^FPco{M(DigtL^-r o + 0 tt, itm^y^it ^FP(D{iLffi(Dmzt~$:^-r o 
[0049] fi*BJfcg?^2{3:, f5LtS»31tL^fes^^ N fiti^jt^iirSfc^ (SWllrONttS 

H 

n 

[0050] ^li;t^2{±, te*Btf5£*oTV^#-£\ mi±.Vcc/2(D\t ^rffi^So 

^■7^31^ n,)±Ncc/2(D{t ^-SrA^LT, SW1 ^SW2£rOFF^LT N SiS^V 

n 

n 

[0051] msktm^2n, amcomw^m^s m^Mh^tc^ (sw2£on^-t3 

L 

n 

^m) fc^^x-bmnkmmztix, nmm e ^^jt6-t?^^— ifirrs (04«n= 

[0052] 05J3\ fitiit^^2X?J;b^^n^^f -^-FP^Stp^n^/^f -^-FRj;i9 6 /ctffiffi 
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[0053] 05^*31 vc\ mmz, wm%^-f 0 miffate, mmt -^dcowje, ip*> x vco 

[0054] TO, #FRmJl^<DB#K^fc5(T=l/fr) 0 

[0055] V tt, S*P£ft5S*P«J£T*a>5o V tt, El3i04(DV ^IHC^(^Tfc5 0 

n n n 

[0056] V LU^</Hf|5^^^5<g;«ffiT?feSo V fc£, 03^04(^V "CfelP, V ttfitS^ 

L L L L 

[0057] V Hk-<;^^t^5^tffi^5„ V tt N 03i:|l|4<Z5V Tfe<9,V f*$tfg 

H H H H 

[0058] V teft^ V fiTO(D»^ff^Jf^LTV^ 0 

H L 

[0059] 05^*3V^T,V fi, lil»!cD^*(¥Mlfflg, fiP^, T/2) ^b^-h^ ( 0 / 

H 

[0060] V tt, ljlW(0^ife(T/ / 2)^^( 0 /2 7c)TOSBW^»tflfrd^<£«JEEi:3teoT, ^ 

L 

lJlI©^*(T/2)tSMJ±tlo-CV^ 0 
[0061] HI4-TO, V fcv f^BCD-ftLf^0fil^C^Bfi-tii^/^tLrv^^ N g|5<£>J;5 

H L 

H L 

[0062] v t^>B#WtSfi^ ( e /2 7T )T<DSSffi-e&5 0 sp*>, v <3r©s#p^§tt, <a 

H L H L 

0 0 

0 ^MbfcifcM^^ 3TO> 0 ^itMUTtifc^igb^^^t^^^o 
[0063] #ctel, PLLtUS&lOO^fitSIH^^fe^oV^T, 06©»jf^n— b^fflV^T 

[0064] A^JX^SI 

tfi£=S2^A^$tbSo VC045&>£>©$Bi6^ns^fi' -^CLte#JTO5T?l/N^ 
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[0065] fit@i:bKX@S2 

[oo66] i±mtm^2i^ &m?vy?tn^FP(D{iLffi(DmtL&feftvfcm&s mu%m~£ 

[0067] <fe*Bitt5E*2tt, fiti^^otV^5f^ x SffiVcc/^ff-^ffi^-f So 
[0068] #tfiJfcitkg&2{3\ it^n^f #FP©teffi<Z>^^3tffctttUfci§£\ $tfB£3Ib 
■^-5fcfeSW2?rON^-r5SJ±0/K^h (GND) cDLl^/H£7f^ft -%-&lti£}~tZ> 0 

[0069] mu^m^2(Dta^7k(Dx^u^-r^ 0 

[0070] HW^/Vft, ^MCWffiVcc^LC Vcc/2J;£>+#fciiJV > >«te"t?&5i:U 

$3 "So 

[0071] ^2f!W-</W3:, «{£Vcc/2^tgLC Vca£9-h$H£<T, GNDiH^S 

[0072] Rl, R2, R3, R4(Dj[i^iltX^£r^J;oT^t^&5 (Will 

, Rl, R4<R2, R3) c 
[0073] I/^/^>7hXfMS3 

^(Dmsktm^2frhmt)£ii5(DmBm$iiiim^rPrjn, u^/wyy^^xtit 

[0074] W^/P->^^3^M^L(^|l|2(7)J;5^|#j^b, g|2(DSWltt^SVccmfiA 

Bl2(Z)SW2^«^GND«^A^"e^KlUTR3^®^-r5^5 > %zfV&9\.<n>W&X 
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[0075] u^/V^7?3X\-$, ^(DiiL^M^tHia -^-PDCD^-— /-s^— h^T^V^.— h£r 

V =VccX ((R3 + R4)/(R1+R3 + R4)) 

H 

V =R4/(R1+R2 + R4) 

L 

V = (R3+R4)/(R1+R2+R3 + R4) 

n 

[0076] ^MX@S4 

vco4«, Hi^^/^^{f^(D^^tgSriJlW^^^^iJM-r-<#'fitB*^^ 

[0077] HP*,, VC04^A^7^nSJ^I^WJ#PSJEc7)ljl^T(D^^« % rcDlJlM©^^ 
#*P, g£WX ^(JM-T^fitB*^, HW</M»^f ^B#P^M, LW< 

[0078] m^mm^m^-^n, &m?vy?m&FP&mm?v*y?m&FR£VffiB& 

H 

tizti, i:tm^y^it^FPi>mm^^^m^FK^m^M/wx^^m^ia^ 

L H 

L n 

[0079] ^jb\ Jt^n^fi#FP^^3fS^n^fi#FR^©M^ffi^ s 'fcV^4^, IP^ 

n 

[0080] t±1^XSS5 
[0081] 5>jlX@S6 
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[0082] ^©HJfeO^ffiJ^SPLLHI^tt, fltfH|Rl8IfflSiE&, fitSi:bf«2(D|±i^«^S 

n 

[0083] ^(D-mmmmxi^ PLLtvxtDM^zBmmmxmi&'t&^xnteK, mm? 
vy?m^FR<Dimwift<D4jmm&&<D%&iikL,x&% m«\ {im&M^zxvc 

[0084] V <7>|ifceS:S*P«fttUT, ^(D&J&(DHi"</uMftbLi"</^ft%:R J fc 

n 

FPiDiiLffiM 0 t^itMLfeS^ltJt;tSE^ny^#FP©^ta&3i^5^PiS"e#S 0 
S2p^t3y^ft#FR^*tLTifctfc^ny^'ft-^FP© 0 <£f£fiii^£l&ffiLfc 

[0086] EA_L©«fc5^ ^©mfe©^«8t^5PLLIlIB&tt, ffc^Jfc«£^?rUfctiJ;*7fi# 
[0087] rtDHM©^^#6PLL[U^{i, te+Bit«*2d>feOt±i^'fi#S^^ 

[0088] ^tc, ±.m^^^yy^3n,uu^</um^jv \z.ttJfc-?z>vco4<Dmtjm&$k(f 

H 0 

+ Af)£^!p®EV (D^n^jl)^#:(f )£o^(Af)£, Jb|H^^/l^->7^3(DL^ 

n 0 

-<^ffi^V ^*MS-t"5VC04©t±i^MliSffe(f -Af)il?U±V (T^n^jlgr 

L On 
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8fc(f Af)^s, Ifitffitt^UtTOWiSl I Af | = I -Af | ) £5fc 

0 

ai^sffi(v , v , v ) sr^/Hft^-rsfe^-e&So 

n H L 

[0089] ^ rcD^mo^ti^#spLL0^tt N w£?ny?m^<Dimnft<D$mm: 
[oo9o] ^^»0^»^ssw^fEiz£-rs#c^^v^ife0j-rs o 

[0091] ^iJt=0^^3^5S2p^o^f ^-FRilt^P^ff ^-FP£<£>fttfg^3r 0 ^5 
[0092] [mi] 

xp(t) = e-— -^ g (v(x))dx 

[0093] t^X\ mUt= (n-l)T(n=l, 2, 3, • • •) K$5tfZ>mm?Viy?it -^FRtitm 
tl£3lVrfrb<£>)£re £LT, (n-l)T<t<nT(7)WI-> VC04HA^3$tl5ttJEEv 

n-1 

(t) tt^f^ifu(t) 

[0094] [3&2] 



U(t) = 

[0095] ^fflV^T, 
[0096] [fc3] 



1, t > 0 
0, t<0 



x n =(n-l)T + 



Bn-ll 



2k 



[0097] t-T^t, $£%t?vy?it -5§-FP^: 
[0098] [M 



n-1 
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v(t) = V H • U[t - (n - l)T]- V h ■ U(t - x n ) 
+ V n -U(t-x n )-V n .u(t-nT) 



[0099] r^Ltt, 
[0100] [$C5] 

v(t) = 



V H , (n-l)T<tst n 



x n < t s nT 



[oioi] tmuxh& 0 

[0102] g (v)^_tfBv(t)£rftALT\ g^ir B 1t©iti^Hf5i, 
[0103] [M 



g(t) 



g(V H ) = Af=G, (n-l)T<t*T n 
g(V n ) = 0, 



x n < t ^ nT 



[0104] mm^vx, ^m^y^m^-FP^mm^y^it^-FR^i^^A^x^^ie 

i 

[0105] 



v(t) = V L • U[t - (n - l)T]- V l • U(t - x n ) 
+ V n -U(t-x n )-V n -u(t-nT) 



[0106] rtLfL 
[0107] [M 

v(t) = J 



V L , (n-l)T<t£T n 
V n > x n < t s nT 



[0108] [Hjit^feSo 

[0109] g(v)^JhfBv(t)<H-tAb-C g^Pa1t0it!l»5^ 
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[0110] [M 



g(t) = « 



g(V L ) = -Af = -G, (n - 1)T < t * x n 
g(V n ) = 0, 



x n < t s nT 



[0111] tot, (n-l)T<t^nTi^(t5)liW«g(t)ij;, (9 >0)t(9 <0) 

n-1 n-1 

[0112] [15:10] 

= lIHl ' G ' "t U(t - (n - 1)T) - U(t - Tn >} 
l y n-l| 

[0113] rtL^fflV^T > t=nTCOB#CDfiti^0 ^f+lfT^T, 

n 

[0114] [ffifell] 



e D =il> (nT) 

- e - 



9 n - 1 . G 



I9n-l| N 

^V/i, T [ U 0 " ( k " O-T)- U(t - x k )]dt 

k = 1 ( k -1)'T 



6 n - 1 . G 
On-ll N 



= 0 n - 1 ~ 



e 



n-1 



G 



|e n -i|N 

n T [U(t- (n -l) T)- U(t-x n )]dt 



(n -1)-T 

[0115] ^^(Dfemftmm-rzt, 

[0116] m.i2\ 
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e °-( 1 "^K 1 

[oii7] t\^mttwm?tm-rmik^\z.t£z> 0 

[oils] tot, ft&AK mmT^m^^it^m-rm^T^ut^o 

[0119] [^13] 




[0120] rcDS^iJ(Dl|XJf5;^#)$\ ^HJfe(D^(Z)PLLlHlSScOn^^r5/^#-e 

[0121] [i£l4] 

0<^1<4 
Jt-N 

[0122] T^lttL^^l\ 

[0123] jgtel, _b|E^#Sr»J£-rtbf^, (»Jt = 0Mifg^ 9 muW£%m.Xfo%?b 
[0124] Z.tlK£0GT/N 7i = 2<Dm&U, lmM-VtitfBMikteZZk&mZa 

[0125] r^HJfe^^fllofK^T'/vSrfflv^W!, PLLHIj^^lljf^^Wt-S^ 

[0126] U±<D£5K, Z.<Dmt&<OJ&ffi<DPL,LmmZs mm?W?iB-%rkt£lfc?vy?im-%r 

mm^/^%mzi^%&ffi&m^&m^x\^zb&mmb-rz> 0 
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[0127] PLLm^tt, Ati£n%mmmzm^fcm$LWt<D?vy?in-%-%:mti-r%v 
ffi^isa/ii/^/^g^if^^miijfi^s^^^/^^mffiifit-^b-c, vco^© 

[0129] '5bT, PLL[eJS§« N &M<Dnj£ttm&&&&&ft^VCO&ffiZ.Z>^b&-V%Z 

o 

[0130] ^/c N pll[us§«, piJLm^(D)^mmm^x^xmm^tifcWc^'f^mrf 

[0131] £L_h<Dj;5^> ro^Jfe^^ffi^#.6PLL0SS^J;^«\ ±^©3{gm^5{M 

[0133] mB&M4kW 
[0134] [#C15] 

|6 n | < e 

( e ^m^mmmm^<Dmmmm(DmAm) 

[0135] jjs^^fi, ^tL^tt fci-n^hiuMmmhm^ma^mx\ nxms, 

[0136] ^lJ<?54R^^#^:^*5V^T(i, f^*OPLL0S§(Z)2f^(DM|5H^^o 
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[0137] [El]^(DB^O|imcD^l^Kt-6fcfe(DPLL[lIS&^^n^EI-CfeSo 
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fcfoztimmm(D?w?m ^mti-r^mmummmm (vcco t, 
w?m-%<DmMteKMnu mnj±u^/^bmmj±u^/^bMm^^<^<D3m&m 

\^<DW&\tt, mmj±u^u(Dmwmm^bi&ms±u^^<Dmwmm-^b^mti 
^mm^^<Dm^m^^b%:mkb^n^2^m(DPiA.m^o 

)±\%b^M]±.u^;V(D^M^.\t ^-<DM)±iUb^^u^<;V'(DMS±iUb(D3^(DW,}± 

o 

[5] _Ltsw</v^^«, mmKmm^ntmm(o^mb, ±Mzmmmm^ 
^v^x±tmm(Dm.^<Dmm^^xvco^mm^mmm^^^ 
y^b^m^t^b^mwb^m^m4^m(DPiAM^ 0 
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[7] _h|BVCO«, ^^^tt^ori^^miri-SI* ^llEicOP 

[8] _L1EPLL0S&(^ PLL0|^(DJ^^}5S^[j^j;oT^m§tl.fc^^^V^S]^ 

jga^«r^^#m^«ff^l|E*fe(DPLL[lIS§ 0 
[9] S^^n^^ff^Jt^nj/^^A^ttl^^n^f^Jt^^n^ft 

[io] mm?vv?it^kkb&?vv?m^t(Dm3(v&®i%:, mm?w?{t ^(dmmu 

^iifc7x^X-n^K-;^7° (PLL) l^j&cDltM^W^^fcoT, 
^^jf^f5r^^#m^i-5PLLllI^<7)»]^?W7jfeo 
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0 =(1-((G-T)/(2tc -N))) n - 0 

n 

N:5>ill§<Z)^iWim(i«) 
0 :H^JnTfc*3tt5$tfI^ 
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